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Advantages and Disadvantages of Different Animal Models
for Studying Ischemia/Reperfusion Injury of the Spinal
Cord
F. Simon, A. Oberhuber, H. Schelzig
Department for Vascular- and Endovascular Surgery, University of Düsseldorf,
Germany
Introduction: Ischemia and reperfusion injury of the spinal
cord are central problems of vascular surgery procedures on
the aorta. This might result in paraplegia of the patient. To
study this problem animal models are warranted that can
imitate clinical situation. As different animal models offer
different advantages, but also disadvantages, several
models are needed to study I/R injury.
Methods: Our research group gained research experience in
several different animal models over the past 12 years.
Three animal models were used and examined namely large
animal model in pigs, rabbits as a medium animal model
and at last also mouse as small animal model. In the large
animal model different strains, including genetically modi-
ﬁed animals, were examined. In the middle and small ani-
mal models only wild type animals were used. The aim in all
this models was to establish an experimental setup to study
spinal cord ischemia and reperfusion injury.
Results: Large animal models are as close to the clinical sit-
uation as a model can be. Organs, blood supply and common
physiology are relatively close to humans.Thismodel can even
be further pushed by using genetically modiﬁed animals
suffering from atherosclerosis. Disadvantages are high costs,
high personal and work effort, limitation of follow-up period
and availability of markers to study special histological issues.
Middle sized animal models in rabbits offer the possibility to
provoke paraplegia by clamping the infrarenal aorta only. This
reduces operating time and work effort. It is possible to
investigate animals for several days.Thedisadvantages is a little
marker offer to examine special questions in the laboratory.
Small animal models offer the easiest way to keep animals
at low costs for longer time with a high reproduction rate.
The offer of markers for laboratory use is the biggest in the*Full articles available online at www.jvascsurg.org
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http://dx.doi.org/10.1016/j.ejvs.2015.03.041market. There is also the possibility to work with knock-out
animals. On the other hand clinical situation is far away.
Results must be interpret very carefully and often require
further studies in larger animal models.
Conclusion: Animal models only can attempt to reﬂect
clinical situation of patients, so several models are needed
to investigate it. Each animal model has its own advantages
and disadvantages that must be considered carefully before
initializing a study. As animal models are very complex new
studies should be discussed with experienced researchers to
avoid unsuccessful work.Morphing Control of Steerable Wire Guide Based
Electroactive Material for Cardiovascular Surgery
Application
F. Ganet, M.-Q. Le, J.-F. Capsal, L. Petit, P.-J. Cottinet, P. Lermusiaux,
A. Millon
Université de Lyon, France
Introduction: Current steerable wire guide used in clinical
practice employs a complex mechanism at the handle,
where the wire is conﬁgured to be pushed or pulled along a
longitudinal axis to bend the wire tip. The main drawback of
the existing procedure is the time needed to achieve the
task, as the control of such architecture is challenging and
complicated. For this reason, the goal of our proposed
concept involves in developing electric steerable wire guide
based electroactive material (Figure 1).
Methods: Electroactive polymers (EAP) are considered as
one of the latest ﬂexible actuator’s generations enabling to
provide new approaches to propulsion and manoeuvrability.
The recent advances in the ﬁeld of EAP consisting a devel-
opment of all organic composite have been investigated by
LGEF’s team. The main advantages of the developed poly-
mers are easy preparation, simple process, high strain, and
high electro-mechanical activities under relatively moderate
actuation voltages, making them appropriate materials for
future application in active wire guide. The proposed mate-
rial probably allows to overcome some of the current tech-
nological issues relating to the development and control of
the steerable wire guide; for instance, high cost and complex
integration of micro-motor, delay response of SMA, etc.
Results: The wire guide (TERUMA Radiofocus Guide Wire
M e REF-GA18263M) used in the experiment is a cardio-
vascular tool with a thin and ﬂexible tip, allowing to
manipulate through narrow and curved arteries. The wire
guide tip is coated with the electroactive polymer based
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stiffness, leading to satisfactory axial rigidity to prevent the
wire guide from buckling during insertion and to enable
passage through highly curved regions.
Our initial design demonstrated that the polymer can pro-
vide adequate displacement to achieve the desired bending.
A bending of 11 mm during less than 1s has been attained,
which is largely sufﬁcient for manoeuvring the wire guide
through most blood vessels (Figure 2).
Conclusion: The development of a low-cost active-tip
bending system for steerable wire guide, including proof-of-
concept fabrication and implementation test bench, has been
carried out. The new actuator chosen for the design in this
study is an electrostrictivematerial P(VDF-TrFE-CFE), one kind
of electroactive polymers (EAP). The resulting displacement
of the actuator is experimental measured and demonstrated
to be adequate to lift the rigid tip of the wire guide.Evaluation of Nitinol Stents in a Three-dimensional Printed
Superﬁcial Femoral Artery Model
E. Girsowicz, Y. Georg, F. Heim, N. Chakfé
Geprovas (Groupe Européen de Recherche sur les Prothèses Appliquées à la
Chirurgie Vasculaire) and Department of Vascular Surgery and Kidney
Transplantation, University Hospital of Strasbourg, Strasbourg, France
Introduction: Mechanical tests assessing nitinol stents used
for the superﬁcial femoral artery (SFA) are designed without
taking into account their deployment environment. The
objectives of this study were (1) the creation of a normal
and pathological femoral artery model, (2) the creation of
mechanical tests reproducing the constraints of the SFA and
(3) the study and comparison of different nitinol stents in
those conditions.
Methods: Femoral artery models with identical mechanical
properties to the SFA were created using the three-
dimensional printing technology. Those models were
designed with and without an asymmetric focal 50% ste-
nosis, simulating a recoil. Three mechanical tests (bending-
compression test, bending-compression-torsion test and
multiple bending test) were created and three stents of
different characteristics were tested, of 6 and 7 mm diam-
eter. Three samples of each stent e LifeStent (Bard) Innova
(Boston Scientiﬁc), Epic (Boston Scientiﬁc) e were
deployed and tested in the models. Stents alone were
evaluated in the same conditions. The analysis focused on
the comparison of rheological curves, level of kink and the
energy deployed for each stent to kink.
Results: In the three tests, all stents deployed in the models
presented a kink during their evaluation. During the
compression-bending and bending-compression-torsion
tests, the Innova presented greater resistance to kinking
and energy displayed to kink. In the multiple bending test,
the Lifestent presented a better tolerance to kinking. For all
of these three tests, 6 mm diameter stents exhibited a level
of kink and energy of kink higher than 7 mm stents.
When evaluating stents alone, only the Epic presented a kink
during the bending-compression test, no other kink wasrecorded for the other stents for this test or for the bending-
compression-torsion test. Finally, compared to stents deployed
in themodels, the kinking energy deployed during themultiple
bending test of stents alone was lower by 3 to 4.5 times.
Conclusion: This study permitted the creation of a me-
chanical test platform evaluating nitinol stents in bending
position. It tends to conﬁrm the best behaviour of second-
generation nitinol stents in the SFA and the deleterious
mechanical effect of excessive oversizing. This study con-
ﬁrms the necessity to evaluate nitinol stents in conditions
close to their real environment of deployment.Decreased Expression Pro-atherogenic miR-92a Following
Exercise Therapy in Patients with Peripheral Artery
Disease
S.V. Vun, M.Z. Michael, R.B. Allan, J.I. Spark
Flinders University, Australia
Introduction: Little is known about microRNAs in peripheral
artery disease (PAD). Inhibition of pro-atherogenic, ﬂow-sen-
sitive miR-92a has been shown to improve recovery and
angiogenesis of muscles in animal models of lower limb
ischemia. Exercise is often prescribed to patients with PAD in
thehope this increases limbperfusionandendothelial function,
but the mechanism is unclear. Our aim was to ascertain the
effect of exercise on the level of miR-92a in serum and muscle
of patients with PAD undergoing supervised exercise (SE).
Methods: Patients with calf claudication were offered a 12-
week SE of bi-weekly treadmill walking. Pre- and post serum
samples and muscle biopsies from the symptomatic calf
(ischaemic) and ipsilateral thigh (non-ischaemic) were ob-
tained. Total RNA was extracted from samples using Trizol/
Trizol LS protocols and miR-92a expression quantiﬁed using
TaqMan microRNA assay.
Results: Twenty-three patients with (mean (SD) age:
70.4(10.2) years, male: 17/23 smokers: 8/23, diabetic: 6/
23) completed the SE. At baseline, miR-92a expression did
not differ between calf vs. thigh (p ¼ 0.86) Following SE,
miR-92a expression signiﬁcantly decreased in the thigh
(p ¼ 0.04) but did not in the calf (p ¼ 0.13), while serum
levels of miR-92a decreased signiﬁcantly (p ¼ 0.004).
Conclusion: Exercise, possibly through local and systemic
increases in shear stress, lead to a signiﬁcant decrease in
thigh muscle and circulating levels of miR-92a which may be
beneﬁcial to overall endothelial health. However, exercise
of the ischaemic calf muscle did not signiﬁcantly alter
expression suggesting it does not improve blood ﬂow in
ischaemic calf muscle.The Flow Mediated Effect of Intermittent Pneumatic Foot
and Calf Compression on Brachial Artery
Osama
Imperial College London, UK
Introduction: Rapid IPC of the foot and calf with pressure
rise times of <0.5 second to 120mmHg increases the blood
